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Abstract. This paper describes a global view of the geospatial production 
in a collaborative framework between the National Geographic Institute 
(I GN) and the Geographic Center of the Army (CEGET). This is a multipur- 
pose environment that pursues the production of printed and digital carto- 
graphic products at small scales (1100.000 to 1400.000). 

This agreement was signed on the 25th of November 2010 establishing a 
collaborative approach for harmonized production of official series pro- 
duced by the National Geographic Institute of Spain (IGN-E) and the Army 
Geographical Centre (CEGET). It should be noted that this project is an 
explicit statement of the National Cartographic System by the agencies as- 
signed to both Ministry Departments, Public Works and Defense, nowadays 
incorporated into the 14/2010 law of J uly the 5th about I nfrastructure and 
Geographic I nformation Services in Spain. 

This law transposes part of the INSPIRE Directive. Consequently this col- 
laborative agreement intends to adapt their production systems for Spatial 
Data Infrastructure (SDI), Geographic Information Systems (GIS), as well 
as a printed cartography to ensure a better organization of public services 
and geographic information mapping on the basic principles of cooperation 
and coordination between authorities in the matter. 

Within this environment and in a cooperative way, a common topographic 
database will be produced and it will be the basis to obtain the different 
series and specific cartographic databases for each institution directly. This 
common core is known as the National Topographic Data Base at scale 
1100.000 (BTN 100). 

The collaborative framework does not a single database, since there are a 
wide range of scales involved, and its purposes are many. Forthisreason we 



decided to get a new National Cartographic Data Base at 1200,000 scale 
(BCN200) obtained from generalization and editing from BTN100. Thus, 
BTN100 is mainly topographic; their applications are mainly for GIS pur- 
poses like the National Geographic Information System (SIGNA), or the 
National SDI, like the Spanish Spatial Data Infrastructure (IDEE). Fur- 
thermore, BCN200 aims cartographic tasks since it is the basis for the pro- 
duction of the Thematic and Derived Mapping Plan series produced by the 
IGN or NATO series produced by the CEGET: The Province Map at 200k 
(M P200), NATO Series 250C, the Spanish Map at 500k (ME500). 

In order to crystallize materialize INSPIRE values, BTN100/BCN200 have 
incorporated information from several sources: Legal Boundaries Database 
managed by the M apping Central Registry, the Geodetic Data Server by the 
Geodetic Observation Center, the I nteractive Official Road M ap by the Pub- 
lic Works Ministry and some information from the Corine Land Cover pro- 
j ect by the Land Observatory. The rest of the i nformati on has been obtai ned 
by re-engi neeri ng processes from the old data model . 

Keywords: Maps / data production, user data/ maps, spatial data infra- 
structures (SDI) 



1. Introduction 

On November the 25th an agreement between IGN (Spanish National Geo- 
graphic Institute) and CEGET (Geographical Center of the Army) was 
signed. This agreement establishes a collaborative framework for the unifi- 
cation of both organisms official cartographic series. An item to highlight in 
this project is that represents an explicit statement of National Mapping 
System by institutions belonging to the two Ministerial Departments in 
charge, Fomento (Public Works) and Defense. Nowadays, it has turned into 
the Law 14/2010 of 5 J uly on Infrastructure and geographic information 
services in Spain. 

Since this law transposes precepts of the I NSPI RE Directive, the main goal 
of this agreement is to adjust their different Spatial Data Infrastructure 
(SDI), Geographic Information Systems (GIS) and printed cartography 
production systems into a common framework to ensure a better organiza- 
tion of public services and mapping geographic information on the basic 
principles of cooperation and coordination between authorities carrying out 
their mandatory tasks in this area [BOE10]. 

The collaborative framework IGN-CEGET desires to define, capture and 
maintenance of two national geographical databases. The National Topo- 
graphic Base 1100,000 (BTN100), mainly used in GIS applications, and the 



National Cartographic Base 1200,000 (BCN200) also introduces carto- 
graphic parameters that facilitate the publication on paper of different se- 
ries of both institutions. 

Based on these statements, the present paper is structured accordi ng to two 
main sections: 

BTN100 defined as a geographic information system that holds multi topo- 
graphic and thematic data, and is able to provide support to both geograph- 
ic queries as to the production of various cartographic products. This pro- 
vides support for printed cartography like C Series (CEGET), GIS projects 
I ike the National Geographic Information System (Si gna) or IDE as the Spa- 
tial Data Infrastructure of Spain (IDEE). Data model have been expanded 
to incorporate the requirements requested by different national projects 
such as the Strategic Infrastructure and Transport (PEIT) or international 
ones as Eurogeographics (EuroReginalMap or EuroGlobalMap). BTN100 
also taken into account in defining the model phenomena that were al I part 
of theBCN200, in other words, those who will be featured in smaller scale 
map series. 

BCN200 generated from the generalization and editing tasks on BTN100 
semiautomatic, which as indicated previously, has a clear mapping purpose, 
serving as basis for the production of the 1200,000 map Provincial 
(MP200) series and Autonomous Regions map (1300,000 and 1400,000 
scales), furthermore, I GN acts as a source to the series 1501 NATO CEGET 
(1250,000 scale). 




Figure L Collaborative Frame Workflow 



2. Background and Framework 

Throughout its history, both the IGN and CEGET have been developing 
thei r respecti ve seri es at di fferent seal es: 

• CEGET has been publishing the L series (scale 150 000), the C se- 
ries (1100, 000), NATO 1501series (1250 000), NATO 1404 series 
(1500, 000), and the 1 1000,000 and 11500 000. map of Spain 

• IGN presented his National Topographic Data Base NTDB25 

(125 000), NTDB50 National Topographic Data Base (150 000), 
PM200 Province Map (1200 000), Regional Maps (1300 000- 
1400.000), the ME500 map (1500 000) and the 11250 000 map 
of Spain. 

Based on the different scales produced by both organizations, a scale gap 
was found between 150,000 and 1200,000. Such gap is widely used in GIS 
and SDI as these are able to show in the same environment as both images 
in raster map series zoom function application. This was the reason that 
IGN and 1100,000 CEGET define this as the basic scale collaborative envi- 
ronment for I DE and Gl S cartographic production works at small scales. 

From this premise, and based on data models at scales of 1100,000 CEGET 
(Series C) and IGN 1200,000 (formerly BCN200), a data model was com- 
pletely rebuilt to allow collaborative updating, using GIS technology, the 
data necessary for both institutions. 

At this point, it is necessary to make a clarification, so that the terminology 
does not lead to confusion throughout the development of this article. M ore 
particularly regarding to BCN200. And the old BCN200 was a geographic 
database in which the elements retain their real scale. However, the current 
BCN200 already presented above, is a map database in which some ele- 
ments are moved from their original position in order to avoid overlap and 
provide a model which allows obtaining fast cartography. 

Another issue to be clarified is the aim that had different models that was 
merged to generate BTN100. While the former BCN200 has become clear 
that it was intended to produce both Gl S and cartographic products, the C 
Series shows a model designed onlyfor printed (digital or not) cartographic 
production . This is the reason that BTN100 has adopted the main features 
of the old model BCN200 while C Series enabled us to expand and complete 
the new model, besides, provides baseline information of those geographic 
objects that could be considered in better updating and quality. 

Once such issues are clarified, we shall therefore briefly of what were the 
mai n features of these two models BTN 100: 



Theold BCN200, now inherits BTN100 functionalities: 



• The way the items are stored involves a spaghetti -I ike structure, so 
that, by not storing topological primitives, it is possible to store du- 
plicate geometries. 

• The data is classified into eight topics of themes, each with multiple 
tables, which are: 

s Themel Administrative Entities 

S Theme2: Relief 

s Theme 3: Hydrography 

S Theme 4: Land use 

S Theme 5: Bui I dings and settlements 

S Theme 6: Roads and rai I ways 

s Theme 7: Pipelines 

S Theme ID: Ground mark 

• Each theme is made up of different types of features and every fea- 
ture class is stored in a table differently. 

• Each feature class is defined by different attributes. There are at- 
tri butes common to al I cl asses and attri butes of each cl ass. 

Series C is the successor to the "M ap H eadquarters Command and" estab- 
lished by Decree of 18 February 1933 on the "Regulation of Military Map- 
ping". Its data model is devoted to publication on paper and regulatory 
Military 1100,000 map, obviating useGIS. Formed historically sometimes 
directly and other from the four sheets of L Series (150.000) who compris- 
es it. The data model is the same as L Series although reduced to suit the 
different scale: 

• The data model is structured in a interlinked tables database (rela- 
tional model) using a common (internal / external key). It is based 
on the spaghetti type topology so that there is a possibility of dupli- 
cate geometries. Stored entities are: text, point, line or area. 

• The data is stored in different kinds of features and each feature 
class is stored in a singular table. Within each table may have differ- 
ent types which differ by an attribute called "class". 

• Thedata is classified into lltopics, which are: 



S Transportation 

s Buildings and settlements 

s Public works and industrial areas 

S Landmarks 

S Administrative Boundaries 

S Mining 

s Hydrography 

S Contours and hei ght poi nts 

s Land use 

s Texts 

• Each feature class belongs to a topic and is defined by different at- 
tributes. There are common attributes to all feature classes (objid, 
IDMAP, class, Geometry, Geometry_sk) and each feature class has 
also its own attributes. 



3. BTN100 

3.1. Objectives and phases 

The objectives for obtaining BTN100 prove the advantages of institutional 
collaboration: 

• Using the same data sources for updating and quality testing in both 
agencies. 

• Getting different views regarding collection, updating, editing and 
quality control when applying these processes to the final product. 

• Opti mi zati on of costs and ti me to generate a si ngl e product for both 
organisms and not a different product at the same scale for each of 
the agencies. 

• Data, metadata and i nformation standardization. 
BTN100 Project phases include: 

1 The definition of the new data model, adding new feature classes and 
attributes to the previous existing model (BCN200) to meet the needs of 
CEGET, as well as other projects' needs such as ERM or PEIT. As a result a 
new DB schema is produced including feature classes, catalog tables and 
rel ati ons among them usi ng forei gn keys. 



2. The definition of all documentation associated with the model: a Feature 
Catalog and a Data Dictionary as well as a Specifications document that 
expl ai ns the methodol ogy and data capture rul es. 

3. Data collection under the new model schema. The input data comes from 
both organisms: CEGETand IGN. Now the core DB is formed. 

4. Updating the data using high resolution images (from SPOT5 satellite 
scenes of 2.5 m resolution) and orthoimages from the National Remote 
Sensing Plan and other specific data sources depending on the feature class. 

5. Topological, Semantic and Geometric Quality Control in order to validate 
the final product and assure its quality according to the Specifications. 

3.2. Data Model 

The fundamental BTN100 feature classes have already been defined in the 
background section, as this new model is based on the previous existing 
model (BCN200). However some aspects may be highlighted and clarified 
[IGN 11-1]: 

• It is a relational data model where each phenomenon isstored in the 
database as a feature class in which the geometry is stored in an 
specific field. We should point out that, in this model, each element 
of a particular Feature Class is not a feature itself but the part of a 
feature that remains with the same attributes invariant excluding 
the geometry. That is, in BTN100, the data are stored in the lowest 
possible structuring range, such that on one hand subsequent struc- 
turing is direct and on the other hand allows a thematic classifica- 
tion and symbol izati on. 

• No topological primitives are stored, so if there are several elements 
partially or completely sharing their geometry, its geometry is re- 
peated (that is, for example, the case of hydrographic features coin- 
cident with an administrative boundary). 

• Col lections of geometries are not all owed in this model. 

• The model has a total of 60 feature classes, structured in 8 topics 
(Table 1). 



Tema 


Clasesdeentidad 


ADMINISTRATIVE UNITS 


02 


CONTOU RS AN D H El GHT POI NTS 


03 


HYDROGRAPHY 


12 


LAND USE 


04 



BUILDINGS AND SETTLEMENTS 


11 


TRANSPORTATION 


16 


PIPELINES 


08 


LANDMARKS 


02 


TOTAL 


60 



Table L Feature classes by Topic 



• In each of the 60 feature classes there are specific attributes and 
common attributes: ID, I D_BD, IDSIMPLE, ID_CODIGO, 
ID_HOJA, IDMOD, FECHAALTA, FECHABAJA, LABEL, Ge- 
ometry and Geometry_sk. 

• The name of the tables that represent each of the feature classes is 
def i ned by: 

BTN100_TTFFG_ ALIAS. Where: 

TT: two digits for the topic 

F F : two di gi ts for the feature cl ass i n that topi c 

G: one letter for the geometry type: point(P), line(L) or surface(S). 

ALIAS: is the short name of the feature class. 



• BTN100 allows the possibility of including controlled lists of values 
for certain attributes by the use of picklists. This is the case of those 
attributes in the model that have restricted values (as explained in 
the data dictionary). For this purpose there are two linked tables : 
The Attri butes tabl e and the Val ues Tabl e s. These tabl es are man- 
aged through a third table called GPickListTable. None of these 
three tabl es contai n geometri es. 

• There are also catalog tables (such as FieldLookup, GFeatures 6 Attri- 
buteProperties) that make the model useful i n GI S software. 

BTN100 was designed to provide services for several different users and 
GIS and Mapping projects. Therefore some of the Feature Classes included 
in BTN100 (and by extension in BCN200) give the idea of how versatile and 
interoperable is the model. Here we list some of the advantages regarding 
interoperability: 



• The administrative units (BTNIOOOIOISENTTERRIT) were ob- 
tained from the official existing Administrative Boundaries DB 
managed by the IGN Mapping Central Registry. Therefore the 
unique official thematic ID is included. 

• The main hydrographic features (BTN100_ 030 1L_ RIO) have a spe- 
cial standard identifier. This is the SIA_Code, and its value corre- 
sponds to the code associated with this phenomenon in the Water 
I ntegrated I nformation System. This code enables not only the in- 
teroperability with many GIS hydrographic data but also the struc- 
turing processes of the BTN 100. 

• All settlements (BTN100_0501S_NUC_POB) have also a special 
standard identifier. This identifier is the National Statistic Code 
(I NE_ Code attribute). 

• Most of the declared Cultural Interest Points (BIC) by the Ministry 
of Culture are captured as BTN100_0504P_LUG_INT in BTN 100. 
These elements have its own unique standard identifier (BIC_ Code) 

• Other BTN 100 feature classes have a unique standard international 
identifier as well. (TENT_Code for routes, UNLO_Code for sea- 
ports, I ATA_ Code and I CAO_ Code for ai rports, etc.) 

3.3. Data model documentation 

3.3.1 Features Catalog: itisadetailed list of feature classes, classified by 
topic, and defining for each feature class its specific attributes and what are 
the possible values and descriptions. Each attribute is further contemplat- 
ed, with a short name and data type [IGN 11-2]. 
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Figure 2. Example Features Catalog 



3.3.2 Data Dictionary: it defines for each feature class [I GNU- 3]: 
Name 
Definition. 

Fixed and variable attributes with their possible values. 
Possi bl e combi nati on of attri butes 
Spatial relationships with other feature classes 
Schema of the spatial relationships 

Guaranteed minimum size, depending on the type of geometry. 



Bo.sc CarWgrtfcu National l :U10.MM 
Djiseiuoatio du Duos 



II. Clases de entidad 

TE1U 1. IMIDAMS ADMLMSTRATIVAS 



ENTIDAJ) TEKKITORIAL (0101) 
BCNIOO MOIS LM TEKK1T 



Eatidades Adnhustntins 



Ne eiriende :■);?" . • • • . •• •' i entidad que ?cz~ it autonomia pad Is 

geslion de sle interesev Defiuen las areas, de cada municipio o condomiuio, proviiiaa. 



ATRIBLJTOS FU05 



IDBD 

ID_3IMPLE 

ID_CODIGD 

ID_HOJA 

ID_MOD 

FECHA_ttLTA 

FECHtt_BAJA 

ETtGU-ETA 

G«jrr*lry 



iTP. IL- 1 IT- . ARMEir -: 



••: -r n <r . i • • : - autonoma 

03 RRCVINSIA 
OiGONDOMINIO 
05 MUNICIPIO 

. :>:i <: 



CH0102 Texto [11) 



RELACIOMS ESFACULES 



Coinparffrian: 

a Enridades adiiLmistrativaV" 

o ""Hidrc graft?" 

o U-iOi del suelo" 

o "Edificaciones yNncleo^ wbano-," 

o "Vias. At Comunicadoil rdebe «in* 
camcidenciit enire las class: th si.vwkiJ 

o 'Timtcv de control " 
Continencia: 

a "EEtidades admimstiLiih^^" 

o Relieve" 

o "Hidrografis" 

s "Uiot del iuelo" 

o "Eclsficacic'iies y nucleo? urbanoi" 

c "Yi:.-; lIit ::'iv.iL:ii;3i:icii" 

o "ConditcaQnes" 

o Pmiro "i de ■control'™ 




TA.MA.XQ GAKA> riZADQ 



Figure 3. Example Data Dictionary 

3.3.3 Data Capture Rules: containing [I GN 11-4]; 

• Internal (CEGET or IGN) and external DataSources. It classifies the 
sources in Main sources (old BCN200, Series C, SPOT 5, PNOA, etc.) 
and complementary sources (RoadMaps, SI A, INE, etc.) 

• Geometry capture parameters: display scale for capture, capture 
unit, geometry resolution, positional accuracy, etc. 

• Attribute capture parameters 

• Specific complementary rules for each feature class 

3.4 Updating methodology 

The basic scheme [IGN 11-5] is structured in: 

• Harmonization: it was necessary to harmonize the information, be- 
cause the input data come from different sources and agencies and 
have different geometri c resol uti ons. 

• Edition: in order to give geometrical and topological consistency to 
the data. 

• Updating: capturing new elements and deleting or modifying exist- 
ing features according to the specific data sources established in the 
Data Capture Rules. 



3.5 Compilation of baseline information: In the first phase of the 
methodology the goal is to upload the baseline information into the data- 



base. It includes schema remodeling and geometric harmonization. There 
were several problems since the input data came from different organisms 
(CEGET, IGN, etc.) with several capture methodologies (photogrammetry, 
digitizing, etc.) and even different geometric resolutions (as it had some 
data at 150,000 and at 1200,000 scales). 

3.6 Updating the data: This phase consists of the practical application of 
the adopted methodology, establishing a workflow that includes two ver- 
sions (with their corresponding quality tests and data validation) for each of 
the different units of the product (the province), before the final acceptance. 

3.7 Quality Control: It is important to note that it has been developed 
according to the IS019113 standard. This standard stablishes the quality 
principles and components for spatial data. In BTN100 quality control the 
validation is implemented by the use of GIS queries which are classified in 
the pri nci pal components of the I SO 19 113: 

• Compl eti on : commi ssi on or omi ssi on 

• Logical consistency: conceptual consistency, Topological consisten- 
cy and format. 

• Positional Accuracy: absolute or relative 

• Thematic Accuracy: qualitativeor quantitative classification . 

As a result of the quality control process a database in generated to report 
the errors encountered .This database contai ns one si ngl e feature cl ass with 
composite geometry and different attributes that define the error and the 
el ement whi ch has the error. The attri butes of thi s E rrors Database are: 

• I D_ ERROR: AutoN umber. Primary key of the table 

• ID: identifier of the feature in error 

• ID_CODIGO: identifier of the feature class that contains the feature 
in error. 

• ERROR TYPE: standard type of error (according to I SO 19113) 

• ERROR_ DESCRI PTI ON : detailed standard description of the error 

• COMMENTS: only if is necessary 

Finally remark that there is also a previous quality control that is actually 
implicit in the restrictions imposed in the definition of the model. This re- 
fers to tables, attributes and values restrictions. Come of these restrictions 
include: user permits, restriction of entities, attributes and domains using 
supplementary tables, picklistsand relationships between tables with refer- 
ential integrity, etc. 



4. BCN200 



We have already mentioned that BCN200 is designed to directly produce 
cartography, at least as far as the position of the elements are concerned. 1 1 
will be used to produce small scale maps such as the Priovince Map at 
1200,000 scale or the map at 1400,000 scale. However, BCN200 is also a 
GIS product because, even if it has cartographic geometry, it manteinsthe 
topology and geometric coincidence and also has attributes that allow the 
user to make Gl S queri es. 

BCN200 will also be the basis for the generalization to scale 1500,000 pro- 
ducing the BCN500. The elements identifiers will be preserved in both 
scales. 

Regarding the model, the features and how the data is produced, in this 
articlewewill only explain the main phases, that are shown in this diagram: 
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Fase II: Cambio de modelo 
II. 1. Definition de modelo 

- CataToga, dicrionario y plantiHa 

11.2. Desarrallo scripts 



Fase III: Edicidn automatica 



Fase IV: Edicidn manual 
IV. 1. Detecciones automatic 

-Ediciones detections 11.2. 

IV.2. Detecciones visuales 



Figured Workflow BTN 100 to BCN200 



4.1. Data Model 

As in BTN100, we have designed a data model that provides the same func- 
tionality, and largely the same feature classes, with the obvious change of 
resolution containing geometries, which also leads inevitably to the elimi- 
nation of classes that are not meaningful at 1200,000 scale. It also includes 
changes in the attributes. This is implemented in a new data model schema 
that remodels the previous 60 existing feature classes in BTN100 to 47 new 
feature classes. This has been documented in an Specifications Document a 
Feature Catalog and a data Dictionary. 

4.2. Workflow (From BCN100 to BCN200) 
1- Generalization 

This requires a change in the geometric resolution, from 1100,000 to 
1200,000. 

The generalization is classified in: 

• Conceptual: Selection of feature classes, elements and attributes. 
Some feature classes will cease to exist in BCN200 (cemeteries, 
pools, walls, etc.) In other feature classes only certain attribute 
combi nati ons are possi ble. 

• Geometric: Proper geometry according to the new scale (1200,000) 
Each feature class will generalize differently and has established 
processes: collapse, aggregation, agglomeration, simplification, 
smoothing, typifi cation, exaggeration, Boosting and / or displace- 
ment. 

2. - Model Change 

The elements and generalized BTN100 will be be stored in the BCN200 
template. This means that the data have to be remodeled to match the new 
schema. Various ETL tools have been developed in order to remodel the 
data. Sometimes different feature classes from BTN100 are stored in one 
and sometimes one feature class from BTN100 is now stored in different 
feature classes. I n some cases, not only the table and attri butes change but 
also there is a geometry type change. 

3. - Symbolization BCN200 

To ensure that the geometry is valid for BCN200 representation, the 
MP200 symbology is been reproduced in the BCN200 workbench. So the 
geometry matches the scale and the map symbology. Moreover, we can de- 
tect and resolve potential conflicts in BCN200 visually before the mappi ng 
process. 



4. - Semiautomatic Edition 

The conflicts that we have detected visually are classified into different cat- 
egories: 

• M atchi ng: they share the geometry 

• Coal escence: some of the el ements overl ap because of the symbol ogy 
(even if they don't share any vertex) 

• Continence: An element is contained in a different element. 

All the types of conflict of each feature class against other have been classi- 
fied in these groups. Every case has been programmed to automatically de- 
tect the conflict using ETL tools. 

5. - Semiautomatic Labeling 

BCN200 has been conceived for the automatic labeling tasks. These are still 
in the process of innovation, but have given the best results at smaller 
scales as i n the case of ME 500 (M ap of Spai n 1500,000). Only a few specif- 
iccomments on the definition of the model for semiautomatic labeling; 

• Virtual elements, which represent the guideline that is below each 
text. It is used in those geographic phenomena very difficult delimi- 
tation (mountains, landscapes, etc.) 

• Attribute product, enabling the existence of many labels for the 
same phenomenon as other products in which it appears. 

4.3. Link 

This is one of the critical phases within the workflow. BCN200 and BTN100 
have been developed in order to be linked. For future upgrades, and using 
change detection tasks, we can know de features to update in BTN100 an 
BCN200. 

5. Conclusion 

We can draw positive conclusions about this new situation for the work 
production of both institutions: 

• Better useof economic resources. And both theCEGET asIGN, have 
not been immune to the economic situation in which our country 
finds itself and have decreased their budgets to the extent that they 
have also their respective departments. It is therefore possible to 
consider joint objectives maintenance maintain bases, which would 
not be possi bl e separately. 



• Synergies of experiences and working methods. 
Both the technical documentation such as the control of capture and 
update allowed combining the experience of two institutions with 
long experience, which so far focused their products for different 
purposes. This has made it possible to have different views when 
addressing similar situations, completing one another with a value 
in the determination of the final solution. 

• Uniformity of information. Thefinal consequence is a homogeneous 
product. That is, both data and metadata will be unique for both in- 
stitutions, ensuring that all products of national officers have con- 
si stency i n the basi c i nf ormati on . 
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